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频宽带化设计难题，并通过在接地板上加载 PBG 结构进一步提高了天线效率。 
 

















Beidou Navigation System, as an independent researched and developed global 
navigation satellite system, is an important space information infrastructure of our 
country. As an essential part of navigation satellite system, the design of terminal 
antennas is very important for Beidou navigation satellite system. 
Commonly used terminal antennas are cross oscillator antennas, quadrifilar helix 
antennas and microstrip antennas. Among them, microstrip antennas have been 
widely used in satellite terminal equipments with its small size, light weight, low 
profile and low cost. 
The paper is based on the Sub-project of Fujian Provincial Major 
Project“BD2-RDSS Minimized Antennas”. According to the problems to be solved 
and the design requirements of Beidou, we discussed three series of different 
microstrip antennas. To meet the miniaturization requirement of Beidou terminal 
antennas, several technologies have been used, such as distribution loading, Meander 
technology, slot-loaded and fractal technology.  
Firstly, the slot-loaded H-shaped circular microstrip antenna series are designed 
and discussed. The series centered on the miniaturization and dual-band, we used 
slot-loaded and Meander technology to achieve them. Loading the H-shaped slot on 
the circular microstrip patch antenna, we achieve the miniaturization requirement of 
Beidou terminal antenna. And we present an improved design, changing the H-shape 
to U-shape. The asymmetric slot structure has been used to satisfy the dual-band of 
Beidou as well as miniaturization. And we also get the low elevation gain. 
Secondly, the Spiral Slot Array Triangular Microstrip Antenna is designed and 
analyzed. The series achieve size reduction of 39.8% by loading three slots on the 
Triangular Microstrip Antenna. Using slot-loaded and Meander technology, we can 
meet the Miniaturization requirement of Beidou. To adjust the ratio of the frequency, 















antenna is well meeting the antenna requirements for Beidou navigation system 
terminal. In addition, the bandwidth has increased because of slot-coupled.  
Finally, four holes-loaded circular patch antennas are presented and discussed. 
Based on the first two series, the problem to be resolved is the bandwidth of the 
antenna. This series centered on the bandwidth and the gain of the antennas, we 
discussed the hole-loaded antenna. Using distribution loading and fractal technology, 
we load four holes array around the circular patch antenna. In the role of hole loaded 
and Koch antenna, we get a good bandwidth. And we discuss the way to raise the gain, 
present an improved structure. The new design achieve the target of raising the gain, it 
also improves the bandwidth of low frequency. 
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如图 1-2 所示。2007 年 4 月 14 日 4 时 11 分，在西昌卫星发射中心成功将一颗
北斗导航卫星送入太空，标志着我国自行研制的北斗卫星导航系统进入新的发
展建设阶段。2012 年 2 月 25 日 0 时 12 分，我国在西昌卫星发射中心成功将第
十一颗北斗导航卫星送入太空预定轨道，这是 2012 年中国发射的首颗北斗导航
系统组网卫星，4月 30 日又利用“一箭双星”技术将两颗地球中高轨道卫星送














































图 1-2 北斗卫星导航系统发展历程 
 
























表 1-1 北斗卫星终端天线设计指标 
 北斗发射天线 北斗接收天线 
频率 1616± 5MHz 2492± 5MHz 
极化 左旋圆极化 右旋圆极化 
驻波比 ≤1.5:1 ≤1.5:1 
轴比 ≤2dB ≤2dB 
 
增益 
≥-4dB  (仰角 10 度) ≥-3dB  (仰角 10 度) 
≥-0.7dB(仰角 30 度) ≥-0.3dB(仰角 30 度) 
≥3dB   (仰角 90 度) ≥3.0dB (仰角 90 度) 








































研究者对北斗卫星天线展开了一系列研究，如图 1-4-1，2011 年 Ze-Kun Pan
等人设计的一款用于 CNSS 的小型化单馈圆极化双频天线[7]，该结构是在圆形贴
片边缘加载四个对称的螺旋方形槽，并在中心位置开一条缝隙，由圆形贴片和
螺线缝隙槽控制高低频点分别为 1.615Ghz 和 2.498Ghz。该圆形微带贴片半径
为 19.7mm，也超过现在小型化 25mm*25mm 的需求。2012 年 Lei Wang 等人提出
的三频段圆极化的环形槽天线[8]，如图 1-4-2 所示，通过采用两个环形槽实现
三频圆极化天线的设计，该款天线在高频段具有良好的带宽，但是不能满足天
线小型化的需求。B Naimian 等人于 2011 年提出如图 1-4-3 所示的一款小型化
多槽方形微带贴片天线[9]，获得双频圆极化。通过在贴片边缘加载四个 T 型寄
生单元，在四个角落插入 L型缝隙，并在贴片中心插入一条窄缝来获得两个频




统信号，GPS 的 L1 波段信号等，由中心贴片和周围的一个环构成，都截断角落
来实现圆极化特性，两个贴片通过四条长而薄的微带传输线连接。2011 年























33.6%和 33%，并且可以覆盖 GPS 和部分北斗频段，同样由于多层结构的设计导
致天线尺寸偏大。 
 
   
图 1-4-1 图 1-4-2 图 1-4-3 
   
图 1-4-4 图 1-4-5 图 1-4-6 
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